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ABSTRACT 

A METHOD TO I DENTI FY ZONES OF INTENSE JO INTI NG 

APPLICATION TO THE PARSONS LINEAMENT, WEST VIRGINIA 

Studlies of water we1 I yields, of three roadcuts, and of field 
m 

observations indicate that the Parsons lineament in eastern West 

Virginia is a broad, cross-strike zone of unusually intense joint- 

ing. To test this hypothesis, strike, dip, exposed length, exposed 

depth, and spacing of 1594 joints were measured in interbedded si lt- 

stones, muds tones, and shales in the Upper Devonian Chemung facies. 

Joint sets were determined to strike N 35-550 W, N 25-450 E, and 

N 80~ E - N 80~ w. SYMAPS show more intense jointing within the 

Parsons lineament with the northeast-trending set contributing most 

to the increase. Identification of zones of intense jointing could 

be useful in hydrocarbon exploration, mine design, construction, and 

water-we1 I siting. 
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INTRODUCTION 

Anomalously intense jointing has often been cited as a rea- 

son for some gas production from fractured shales, coal mine roof 

falls, construction problems, and increased water-we11 yields. Accord- 

ingly, a method for measuring joint intensity and locating areas of 

intense fracturing would be generally useful. As part of the Eastern 

Gas Shales Project, funded by the Department of Energy, such a method 

was developed (Wheeler and Dixon, 1979). This paper reports a field 

test and application of the method. My purpose is to character ite 

exposed systems of natural fractures that are considered to be ana- 

logues of fractured gas reservoirs still buried further west, in 

central West Virginia (Wheeler, 1978a; 1978b). 

SETTING 

The Parsons lineament in the Plateau Province in eastern 

West Virginia was chosen for th s study because previous studies 

(Wheeler and others, 1978; Whee er and Holland, 1978a; 1978b) indicat- 

ed that rocks in the lineament are more intensely jointed than rocks 

juxtaposed to the 1 ineament. The lineament is a northwest trending 

band, from 7 to 10 km wide, of disruptions in the regular northeast- 

trending folds and detachments characteristic of the eastern Plateau 

Province (Gwinn, 1964; Cardwell and others, 1968). The lineament 

extends at least 55 km, according to terrain corrected gravity, topo- 

graphic, and LANDSAT data. This paper deals with systematic joints 

in interbedded s i 1 tstones, mudstones, and shales of the Upper Devonian 

-2- 
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Chemung facies. Only the Chemung was studied in order to reduce the 

effects of differing lithologies. 3ed thicknesses range from 0.2 to 

200 cm, and typically are 10 to 30 cm. In Tucker County, the Parsons 

I i neament crosses the outcrop be1 t of Chemung rocks exposed in the 

cores of the northeast-trending Deer Park and Elkins Val ley anti - 

cl ines (Cardwel 1 and others, 1968; Gwinn, 1964). 

HETHOD 

A tota I of 1594 joints were measured at 143 stat 

Chemung facies (Figure 1). As many as possible of strike, 

ions in the 

dip, exposed 

depth, exposed length, spacing, and bed thickness were measured on each 

joint. Exposed depth is the total exposed extent of a joint in the 

direction perpendicular to bedding, and exposed length, parallel to 

bedding; spacing is the perpendicular distance to the adjacent joint 

in the same set (Stubbs and Wheeler, 1975; Wheeler and Stubbs, 1979). 

Bed thickness is a measurement of the thickest bed through which the 

joint penetrates. Exposure s i ze , regularity or irregularity of spacing, 

and number of joint sets exposed determined the number of measurements 

taken per station. Fifty-four percent of the joints were measured in 

roadcuts ; the rest in streamcuts and stream pavements. Statistical 

analyses and contour maps of joint intensity and spacing were done with 

local modifications of the Statistical Analysis System and of the SYMAP 

program. 

- 3 - 
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Data Station . 

BASE MA 

J. M. Dixon 

Figure 1. Index map showing the extent of the Chemung Outcrop 

belt and station locations. 
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A circu lar histogram of al1 measured jo ints shows three 

sets: N 35-55" W (transverse to folds), N 25-45” E (longitudinal), 

RESULTS 

and N 80" 

(Figure 2) 

(Figure -3) 

E - N 80" W (diagonal), with the northwest set dominating 

. Roadcuts and stream exposures each show all three sets 

. . Al 1 three sets appear north, within, and south of the 

I ineament, but in different abundances (Figures 2a, b, c). In addi- 

tion, a N 05-10” W set appears south of the lineament (Figure 2~). 

A measurement of joint intensity, joint surface area per 

unit volume of rock (Wheeler and Dixon, 1979; Wheeler, 1979), was 

made using inverses of average spacings, summed over all sets in an 

. 
exposure (Vailon and others, 1976; Wheeler, 1979; Dixon, 1979). 

SYMAP shows areas of more intense jointing within the lineament 

(Figure 4). The map was shown to five people: independently, each 

chose the boundaries of the lineament where shown in Figure 4. 

SYMAPS of average spacing for individual sets indicate that the 

northeast-striking set contributes most to the increased intensity 

inside the 1 ineament, the northwest-striking set contributes slight- 

ly, and the east-striking set contributes little, if at all 

(Figures 5, 6, and 7). Mean spacings of each set support that 

(Table 1). 

A SYHAP of average bed thickness shows a northeast-trending 

band of thin beds, reflecting the thinner beds of the lower Chemung 

facies exposed along the’crest of the Deer Park and Elkins Valley 

antic1 ines (Figure 8). The trends found in the spacing and intensity 
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Figure 2. Circular histograms of joints taken north, within, and south of 

Parsons I ineament and a composite of al I joints measured. 
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w 

a) ROADCU~ JOINTS 

w 

b) STREAM-JOINTS 

Figure 3. Circular histograms of joints taken (a) aiong road cuts, 

(b) along streamcuts and stream pavements. 
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Figure 4. Contour map showing joint intensity, plotted at each station. 
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Figure 5. Contour map of the mean spacing, plotted at each station, 
of the northeast trending joint set. 
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Figure 6. Contour map of mean spacing, plotted at each station, 
of the northwest-trending joint set. 
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Figure 7. Contour map of mean spacing, plotted at each station, 
of the east-trending joint set. 
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Figure 8. Contour map of the mean bed thickness, plotted at 
each stat ion. 
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Locat ion Joint Set 

Northeast Northwest East-West 

n T bs n z 
bs 

n 5 er, 

North. 

Within 

South 

Table 1, 

50 31 29.8 232 22 lg.8 136 22 14.5 

79 17 16.3 270 19 18.9 172 25 23.6 

15 28 13.2 18 30 27.0 36 42 39.9 

Mean spacing in cm (-5) , number of observations (n) , 
and standard deviations in cm (Us) of each joint set 

north, within, and south of Parsons Iineament. 
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maps are northwest to north, from which I conclude that a factor other 

than bed thickness controls joint intensity. (Statist ical tests show 

oniy a minor correlation between bed thickness and joint spacing.) 

That factor apparently is the Parsons lineament. 

Large, northeast-trending anticlines plunge into the Parsons 

1 ineament (Figure 1; Cardwel 1 and others, 1968)) which may have increased 

the intensity of the transverse joint set on the anticlinal noses. 

Smal ler, northeast-trending anticlines with wavelengths on the order of 

half a kilometer are more numerous in the lineament (Trumbo, 19761, 

and may increase the intensity of the longitudinal set. 

CONCLUS IONS 

1 . The Upper Devonian Chemung facies shows three well-developed, 

systematic joint sets: N 35-55” W, N 25-45” E, and N 80” E - 

N 80” W, with the northwest set dominating. 

2. Rocks within the Parsons lineament are more intensely jointed than 

rocks juxtaposed . 

3. SYMAPS and statistics show the northeast-trending set contributes 

most to joint intensity, the northwest-trending set sl ightly 

contributes, and the east-trending set contributes 1 ittle or not 

at all to increased joint intensity within’the Parsons lineament. 

4. Joint spacing was found to be the most useful measurement in 

determining joint intensity. 

- 14 - 
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STATION LOCATION OF UTM COORDINATES 
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STA LCNG LAT 

001 
002 
003 
004 
00s 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
02s 
026 
027 
028 
029 
030 
031 
032 
033 
035 
036 
037 
038 
040 
041 
042 
043 
044 
04s 
046 
047 
048 
049 
OS0 
051 
OS2 
054 
05s 
OS6 
OS7 
OS8 
OS9 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 
070 
071 
072 
073 
074 
07s 

4328.28 
4329.71 
4330.34 
4330.80 
4229.34 
47tS.48 
4325.20 
4325.67 
4327.03 
4326.43 
4326.92 
4223.35 
43m.17 
4222.60 
4329.56 
433Oi60 
-4328.02 
4325.81 
4224.97 
4323.48 
4319.7S 

t%G! 
4322117 
4322.02 
4327.13 
4327.27 
4327.50 
4327.92 
4327.EO 
43j3.67 
4333.48 
4332.48 
4331.16 
4226.64 
4325.27 
4325.21 
4324.70 
4324.80 
4324.88 
4325.06 
4tZS.12 
4325;18 

615.12 
613.71 
614.08 
610.53 
612.22 
613.10 
612.50 
61t.72 
611.25 
611.07 
610.60 
611.10 
610.80 
610.18 
611.70 
606;53 

7 70 
zk99 
602.92 
602.57 
602.58 
611.05 
611.07 
609rS2 
608.87 
610-47 
6iOi34 
609.30 
608.60 
607.57 
611.01 
611.25 
611.38 
609.72 
610.97 
612.38 
612.49 
612.70 
612.88 
l 613.08 
613.23 

66:x . 

076 
077 
078 
079 
080 
of32 
083 
084 
00s 
086 
oa7 
050 
089 
090 
091 
092 
093 
094 
09s 
096 
097 
038 
099 
ioo 
101 
102 
103 
104 
10s 
106 
107 

4336.54 
4337.21 
4333.23 
4333.02 
4332.42 
4326.50 
4332.90 
4334.70 
4335.52 
4335.39 
4334.81 
4333.73 
4330937 
4329.88 
4330.32 
4329.73 
4329.95 
4329.45 
4331.60 
4332.16 
4332.57 
4332.96 
4335.13 
4334.77 
4334.58 
4327-19 
1327;88 
4328.09 
4320.47 
4320.17 
4327.11 
4326.60 
4327.87 
4328.22 
4332.66 
4332.78 
4333.50 
4333.54 
4331.e6 
4338.61 
4339.48 
4340.37 
4338.45 
4338.15 
4330.78 
4337.58 
a335 .cs 
4335.62 
4335.48 
4335.23 
4335.38 
4335.68 
4335.77 
4335.92 
4336.11 
4336.51 
4337.23 
4323.16' 
4323.69 
a323.90 
4320.17 
4323.12 
4322.55 
4322.37 
4223.48 
4322.07 
4323.01 
4338.96 
4338.43 
4338.11 
4337.&6 
4337.80 

613.30 
613.89 
616.7s 
616.46 
615.92 
616.70 
612.91 
612.43 
611.S9 
610.92 
610.98 
669.56 
609.76 
609.59 
608.65 
608.64 
606.99 
dO6.72 
605.67 
605.30 
604.30 
603.77 
604.14 
604.43 
605.56 
613.48 
612170 
612.32 
511.66 
612.15 
612.15 
612.76 
610.34 
610.35 
611.48 
612.03 
612.08 
611.40 
612.48 
621.52 
621.58 
621.09 
621.62 
620.74 
620.22 
619i92 
619.72 
620.39 
620.62 
621.17 
613.38 
615.17 
614.90 
614.58 
614.55 
615.13 
615.22 
610.33 
609.17 
609.10 
607.49 
608.84 
609.54 
608.36 
607.63 
507.46 
604.68 
617.63 
617.36 
617.15 
616.91 
616.69 

108 
109 
110 
111 
112 
113 
114 
11s 
116 
117 
118 
119 
120 
021 
123 
124 
12s 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 

613.42 
616.24 

616.96 
616.Ae 

617.47 
4333.90 
4333.90 

4334;oo 

4333.79 
4334.94 
4333.60 
4338.43 
4330.78 
4338.28 
4339.40. 
4340.17 
4341.34 
4341-w 
4339.50 
4339.92 
4340.42 
4343.18 
4342.68 
4341.22 
4341.65 
4337.77 
4337.48 
433se99 
4337.62 
4339.38 
4336.20 
4336.27 

6i8.17 
614.42 
613.45 
623.52 
622.98 
620.51 
620.08 
619.37 
618.56 
617.73 
622.92 
623.30 
623.31 
623.17 
624.21 
623.18 
624.31 
621.36 
620.91 
619.44 
614.91 
616l13 
611.61 
612.53 

139 
140 
141 
142 
143 
144 
14s 
146 
la7 
14t3 
149 
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APPENDIX B 

TUCKER COUNTY DATA 
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KEY TO ABBREVIATIONS 

STA = station number 

STRI = joint strike 

DIP = joint dip 

LNG = joint length 

DPT = joint depth 

SPA = joint spacing 

BED = bed thickness 

EXP = type of exposure: R = roadcut, S = stream pavement, 

SC = streamcut 

SET = indicates into which of the three main joint sets the 
joint falls: NW = northwest, NE = northeast, 

EW = east-west. 

LOC = location with respect to the Parsons lineament: 

IN = within, NT = north, SO = south. 

- 19 - 
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020 020 4 
020 s 
020 s 

OoIl s C 

022 z 
022 s 
042 S 
020 9 
003 s 
aio s 
008 s 
008 S 
008 s 
008 s 

Oo3 003 z 
010 s 
010 2 
010 s 
010 s 
010 s 
Cl2 5 
012 s 
012 E 
012 2 
012 s 
012 5 
061 EC 
030 SC 
030 SC 
031 SC 
005 sc 
026 SC 
026 SC 
040 R 
040 R 
009 R 
ore R 
012 R 
01’2 R 
012 R 
012 R 
012 R 
012 R 
025 R 
025 R 
006 SC 
006 SC 
006 SC 
006 SC 
006 SC 
006 SC 

iN 
EW IN 
EW IN 
EU IN 

IN 
IN 

if: 
IN 

EV 
EU :: 

EZ :is: 
EU IN 
En IN 
NW IN 
NW 
NY :: 
NW IN 
HI 
NV :N” 
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XN 

EW :NN 
Ew CN 
EV IN 
EV IN 
E’a IN 

EZ :i 
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E’* 
E * if: 
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NW NT 
NW NT 
NW NT 
NW NT 
NW NT 
NW NT 
NW NT 
NW NT 

NT 
NT 
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027 
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007 
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007 
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134 

N35W 
N3SW 
N3Sw 
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N40E 
NQOE 
N40E 
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N53W 
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NSJW 
N53w 
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Ns3w 
NS3U 
Ns3w 
NS3W 
N53W 
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NS8W 
NSBu 
NSBW 
NS8U 
NSBw 
NS8W 
N58W 
NS8W 
NSBW 
NS8W 
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N40E 
N4OE 
N4OE 
h40E 
N40E 
N84Y 
N84y 
N6lW 
N61W 
N6lU 
N6lW 
N6lW 
N6 1 Y 
N48U 
N48W 
N48w 
N4 8W 
NQBU 
N48W 

9osw 
90sw 
9osw 
9OSW 
88NW 
88~~ 
98NU 
88NW 
9osw 
9osu 
9osw 
9osw 
9osw 
9OSW 
9osw 
9OSW 
9osu 
9osu 
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9osw 
9osw 
9OSY 
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9osu 
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83SW 
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83SU 
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064 012 
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036 
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014 
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024 
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021 
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Cl7 
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004 
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007 
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OS3 
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E? 

008 
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038 
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CCd 
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031 
001 
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012 
012 
012 
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012 
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012 
Cl2 
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027 
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% 
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016 
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017 
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016 
016 
016 
016 
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01e 
007 
a07 
007 
007 
oc7 
cc7 

NW 
KY 
NY 
NY 
NE 
NE 
NE- 
NE 
NW 
NW 
NU 
NW 
NY 
NY 
NW 
NW 

2 
NW 
hu 
NY 
NY 
NU 
NY 
NW 
W 
NW 
NW 

NE 
NE 
NE 
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Em 
El 

NY 
NW 
NU 
UY 
hU 
NC 

NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

!T 
NT 
NT 
NT 
NT 
hT 
NT 
NT 
NT 
NT 
NT 
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NT 
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hT 
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03s 
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042 
012 
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049 
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OS0 
034 
063 
15s 
071 
06s 
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213 
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023 
176 
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079 
065 
103 
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043 
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001 
031 
007 
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072 
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010 
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037 
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063 
104 
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082 
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104 
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010 
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01s 
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084 
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069 
065 
071 
073 
302 
3S2 
260 
134 
093 
073 
067 
107 

YE 
087 

EZ 
oao 
131 
112 
111 
LO3 
094 
113 
12s 
063 
029 
109 
141 
095 
064 

012 
016 
001 
003 
00s 
012 
oc7 
006 
02s 
019 
022 
027 
02s 
024 
02s 
025 
03s 
009 
009 
a09 
009 
009 
00s 
009 
009 
co9 
009 
009 
009 
00s 
00s 
012 
012 
012 
012 
012 
005 
002 

012 

007 

45 - 

127 
087 
007 
024 

028 
050 
014 
oc3 
008 
(127 
355 
083 
oca 
010 
114 
027 
030 
043 
026 
013 
027 
a17 
i)l6 
014 
019 
009 
011 
013 
048 
044 
OS2 
030 
021 
042 

012 
062 
072 
al5 
043 
3 49 
3 94 
042 
a51 
031 
039 
039 
0% 
060 
045 
039 
ai0 
313 
313 
026 
013 
003 

012 

007, 

NE z: 
NE SO 

z 
NE SO 
NE SO 
NE SO 
Ew SO 
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2% STR1 Y I G OPT 
Nl2E 

_ SPA @ED EXP SET LOC 
ONY ah 014 019 014 c so 

142 
142 
142 
142 
142 
142 
142 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 
143 

. 143 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 
145 
14s 
14s 
14s 
145 
145 
14s 
145 
145 
14s 
14s 
14s 
14s 
14s 
14s 
146 
146 
146 
146 

- -- 
Nl2E 7iNw 
Nl2E 7ONW 
N 7S’J 94NE 
N7SW 
N75Y :44:: 
N75W 84NE 
N75w 94NE 
N4sW 64SW 
N45W 645111 
#SW 64SW 
Y4SY 64% 
N4 su 64SW 
wsw 64SW 
N45W 64SW 
N4Siu 64SY 
N69E 7SNU 
N68E 74NY 
N6SE 7SNU 
N68E 7fNU 
N65u 84% 
N6SY a4sn 
P&W 84SY 
N6SW a4su 
N6su 84SU 
N6SW SQSY 
N65W 84SW 
N65Y 84SW 
N2 8E 9ocJu 
N28E 90NY 
N28E 90NU 
N2 aE 90NW 
N28E 90NW 
NZ 8i 90NW 
~2 atz 90NW 
N28E 90NY 
N2 aE 9ONW 
N46W 9osw 
N46W 90% 
N46U 9osw 
N46Y 9osw 
N2SE 65% 
N72u 87NE 
Nl O& 70SE 
NUOE 90NW 
N25E 6SSE 
N25C 6SSE 
N25E 5SSE 
N25E 6SSE 
N25E 65SE 
N2SE 6SSE 
N4SY 8asw 
N4SW 9RSW 
N4SU aa5w 
MS* ausu 
N4SY easw 
N7OW 96SW 
N7O’m 96SU 
N70U 96SV 
N7 ow 95sw 

iei 
141 
013 
010 
03c 
017 
011 
03 a 
027 
04 1 
029 
OS7 
023 
02s 
OS6 
042 
019 

:z: 
034 
015 
042 
031 
OS7 
025 
038 
036 
12Q 
134 
172 
234 
186 
100 
089 
115 
140 
04s 
13’3 
09a 
090 

053 
ORU 
026 
030 
012 
a70 
016 
083 
oe3 

Oi i 014 
012 031 
oaf 031 
010 073 
005 036 
005 029 
009 036 
007 012 
oc7 011 
007 016 
007 006 
011 037 
011 313 
011 027 
020 042 
007 329 
UC7 029 
ac7 a23 
020 011 
011 026 
011 012 
007 017 
00s 034 
007 02s 
017 023 
017 010 
014 012 

013 
019 
024 
023 
023 
015 
314 
012 
013 
082 
017 
017 
024 

073 
032 
0 A 0 
03s 
3 24 
031 

022 128 
022 103 
020 032 
020 090 
020 071 
048 027 
010 042 
010 010 
010 

a11 
012 
007 

:A: 
005 
009 
007 
a47 

00:: 
011 
011 
011 
020 
007 
007 
007 
020 
011 
011 

::s’ 
UC7 
017 
017 
01s 

022 
022 

I;! 

012 
010 
010 
010 

NW 
N* 
NW 
NY 
NY 
NY 
hY 
NU 

NE 
NE 
NE 
NE 
hE 
NE 
NE 
NE 
NE 
NW 
NY 
NW 
NW 
NE 

En 
NE 
NE 
NE 

F.2 
NE 
NW 
NW 
NW 
NV 
NW 

SC 
so 
so 
so 
so 
so 
SO 

z: 
so 
so 

zoo 

foO 
so 

s’: 

z: 
so 

2: 
so 
so 

:“R 
BR 
0R 
ER 
i3R 
eR 
BR 
3R 

ee: 
BR 
eR 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
N-r 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
hT 
hT 
hT 
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